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air- a solution of gases (oxy- 
gen, mim-nerv water vapour 
carbon dioxide ,nd rhe narl 
gases) 


Wo generally think of solutions En terms of a solid dissolved 
In a liquid. Alt hough this is the commonest kind of solution, 
It is only one of several, as the following examples shew : 


Champagne a solution of h 
■ i d £ i r. r qu id >; carbon d i ox a e 
in solution) 




bras* - h solution of a solid n 
a tulid {^inc fn coppe*') 



gasoline a solution ol iqUJds 
i'liqiiii: hydrocarbons such ~s 
octane, nonane, and dacane). 
■Shelf. 


If you stir a spoonful of salt in a beaker of water h the salt 
crystals break down and mix with the water: the salt (called 
the solute.) is said to have dissolved in the water (called the 
solvent) to form a solution . This dissolving of one substance in 
another is so familiar that we pass it over without thought. In 
fact , dissolving poses a number of interesting chemical 
problems, some of which we shall look at in this book r 

When salt is stirred in water, although the salt apparently 
disappears, we know ihai it is still there because we can taste 
u. Evidently the salt crystals break up into small particles, 
which are dispersed in the water. They must be very small 
indeed because they pass through a filter paper and cannot be 
seen even under the highest powered microscopes. 

A dearer picture of what happens in dissolving can be gained 
by putting a strongly-coloured substance - for example, 
potassium permanganate - into a beaker of water. At first the 
colour lies at the bottom of the beaker, concentrated round 
the permanganate crystals. But it slowly spreads through the 
water, probably because of the motion of the water molecules. 
In about three days the water becomes uniformly purple. 
No particles are visible, but the purple colour shows they 
must be there. In fact, it is the permanganate ion (MnGp ) 
which is responsible for the colour; we can show that ions 
are formed when potassium permanganate dissolves by test- 
ing to see whether the solution is a conductor of electricity ; 
the conductivity is much higher than that of pure water. But 
substances dissolving in water do not always give ions. Dis- 
solving sugar in water does not affect the electrical conduc- 
tivity: the sugar crystals break down not into electrically 
charged ions but into electrically neutral molecules. 
Dissolving, then, consists of the mingling of ions, atoms, or 
molecules of one substance with the ions, atoms, or molecules 
of another. The solute can usually be separated from the 
solvent by a simple process - for example, by evaporating the 
solvent or, with a solution of one liquid in another, by frac- 
tional distillation. For this reason what happens when, say, 
a lump of zinc is put in sulphuric acid cannot be regarded as 
dissolving. When the excess acid is evaporated, it is zinc 
sulphate and not z.inc that is recovered. 
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When one substance dissolves in another., we tend either to 
forget the solvent altogether or to regard it simply as an 
inert medium in which particles of the solute tire dispersed. 
Bin, for dissolving to occur. there must be some attraction 
between the panicles of the solvent and those of the solute. 
If the solute is crystalline* this attraction must be sufficiently 
strung to overcome the attractive forces that hold the par- 
rides in the. crystal lattice. Common salt will dissolve in water 
hut not in toluene. Conversely crystals of naphthalene will 
dissolve in toluene but out in water, 

I'li ere is no hard and fast rule about which solvent will 
dissolve a particular solute, but there are some rules of thumb. 
Water is a good solvent for many ionic compounds. Others 
are liquid ammonia (b.p, 33 L 4 C), liquid sulphur dioxide 

; b.p.. - 10-2' G), and liquid hydrogen fluoride (b.p. 19-54 Cl. 
But all these vaporize at very sow temperatures. Carbon 
tetrachloride and benzene arc good solvents tor carbon com- 
pounds. Alcohol and action c dissolve both ionic and carbon 
compounds. Gases are completely soluble in each other* 
presumably because their molecules are widely separated. 
Liquids vary. Water and alcohol arc completely soluble 
in each other. Water and ether arc partially soluble in each 
other: 5 h 8 grams of ether will dissolve in 100 grams of water 
and 4: 12 grams of water will dissolve in 100 grams of ether. 
Water ami benzene do not mix lu any extent. 

Very often it is the solvent which determines whether ions 
or molecules of the solute will pass into solution. For example, 
if hydrogen chloride gas is dissolved in water* a great deal of 
neat is given out ( 18 kcal per moluj-more than can be accoun- 
ted for by the latent heat of condensation of hydrogen chloride 
(4 kcal per mole}. 




Blood Is one of Lhe main sol 
ve.i's lor oa Trying rhs reac-ia ms 
(ajiygarvi sugar, ole..) to the 
body cel«s. Hera a woman is 
giving blood which will hi 
given -o a potion!. 


Apparatus tot Hiding out 
whether s solution conducts 
electricity. 


KCl(gj - H+(aq) + Cl-(aq) i H = -18 kcal 

HQ(g) -+ Hd(l) iH = - 4 kcal 

The solution is strongly acidic (suggesting the presence of 
hydrogen ions), and ii conducts electricity much better than 
pure water. Evidently the hydrogen chloride has ionized on 
dissolving to form hydrogen ions and chloride ions. If, how- 
ever, hydrogen chloride gas is dissolved in toluene, there is 
only a small heat change, the solution is not acidic and will 
not conduct electricity. Evidently the hydrogen chloride is 
present in the solution in the form of molecules. 

All this adds up to the fact that dissolving is a two-way 
process involving the solvent as well as the solute, and that 
the solvent plays a critical part in deciding the nature of the 
solution. 


Sonm common solvents 

Solvents wlh water like prop 
erties: suitable for dissolving 
most inorganic substances 

liquid hydrogen eyanido 
water 

liquid ammonia 
hydrazine 

liquid hydrogen fluoride 
liquid sulphur dioxide 
liquid hydrogen sulphide 

hydroxylaminG 
anhydrous nitric acid 
anhydrous sulphuric acid 



EVER READY! 


Solvents with oil-like proper- 
ties : suitable for dissolving 
mosi organic substances 

ether 

asters 

carbon tetrachloride 

pentane 

benzene 

toluene 

tricbl ore ot h y! one 
sufph plane 
pyridine 


Solvents with both water like 
and oil like property suitable 
for dissolving both inorganic 
and organic substances 

acetone 

methanol 

ethanol 

acetic acid 

liquid formaldehydci 

liquid ethylaminn 

phenol 

carbon disulphide 
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On adding a solute to a solvent, there often, cora.cs a point 
where no more solute will dissolve. The solution is said to 
be saturated > In the first instances the weight of solute that 
will dissolve in a given quantity of solvent depends on the 
chem ical nature of both solute and solvent. Sodium chloride* 
for example, is very much more soluble in water than is 
silver chloride. In a saturated solution of sodium chloride 
in water {at I5 C C) there are 35-5 grams of sodium chloride 
to ever/ 100 grams of water - about one sodium ion and 
one chloride ion to every ten molecules of water. In a 
saturated solution of silver chloride in water {at 15 Q C) there 
arc only 0 j 0001 5 grams of silver chloride to every 100 grams 
of water - in other words , only about one silver ion and one 
chloride ion to every two million molecules -of w T ater. In pure 
liquid ammonia,, sodium chloride is much less soluble than 
j l is in water - only about 3 grams of it can be dissolved in 
1 1)0 grams of ammonia. 

The amount of solute that will dissolve in a solvent may 
also he influenced by temperature and pressure. Generally, 
the higher the temperature of a liquid solvent, the greater the 
quantity of solid solute that will dissolve. But there are some 
solid substances which are exceptions to this, as the solu- 
bility curves on the next page show. Why then, you may ask, 
do we invariably heat substances to make them dissolve ? The 
answer is -.hat heating them makes them dissolve faster, but 
that the rate of dissolving has link to do with actual solu- 
bility Gases are more soluble in cool liquids than in hot. 
for example, at 760 mm pressure, 0-2774 grams of carbon 
dioxide will dissolve in 100 grams of water at 5°C but less 
than half as much at 25’C. Moreover, the higher the pressure 
Of the gas, the more gas will dissolve. 


The solubility Curves of various 
sub stances in watar showing 
the effect of temperature on the 
extant to- whicn 3 substance 
dissolves, Usually* increase in 
mmparaUite results m 'nc.re&se 
in solubility but, -*s you can suh 
F rom ihg curve cerium su! 
pbatc. CeiffSO*)^ no 5 always- 


Wheri u saturated solution 13 
1 o led , usually some of Iht: 

- Iiita i ;:i f.. imitated 
because solo b ily 1 dually 
decreases with a fall 
temperature. Sonne tunes, 
however trie solute 
remains in solution and s 
^•upvfbu tot si&sf so 1 1,1 iuii I-j 
foil tied. To form a precjpilate* 
the solute needs seeding' par- 
I.' lot -■ 1 which to grow, and d 
few small crystal put mio the 
supetsaturaied solution will 
causa the jnUne to crystallize. 
Heie a ! .1 1.1U crystal ii being 
grown fri mi -i small seed 
1 rystel in u saturated solution. 



S 

to 


CaCI, 


KNG, 


4(TC 




2 H 


20 n C 


Rate of dissolving should not 
oct confused with solubility, In 
this graph, solute 2 dissolves 
la&ier than solute 1 but Is less 
soluble 

tomp&raturs 2<FC 


solute 1 


solute 2 



Suin' ion s are bu I ky f i ei efo i e 
solids are usually loft in the 
, hamical store room, and solu- 
tions ore preparers as 3cq”ired 


Apparatus used to prepare 
solutions of known concen- 
tration -- the solute is weighed 
in a bat erica and is put 
in 1ft c measuring bask where 
t is made up to the maf : < with 
hn solvent to give a solution 
of known concentration. 
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In the laboratory we are concerned chiefly with investigating 
reactions between substances. Many important substances 
are solid at room temperature, but few of tiiem react satis- 
factorily in a solid form, if only because it is difficult to mis 
solid substances so that the reacting particles are in intimate 
contact. This is why most of the reagents in the laboratory 
are made up as solo cions: in this form ihe reacting particles, 
ean be most conveniently brought in contact with each other, 
Furthermore,, in solution the temperature of the reaction 
can be more easily controlled. To quote the great German 
chemist Wilhelm Ostwald : * Almost all. the chemical processes 
which occur in nature, whether in animal or vegetable 
organisms, or in the non-living surface of the Tarth, and also 
those processes which are carried out in the laboratory, take 
place between substances in solutions. 1 ' 

We often want to know the quantities of substances that 
react. Therefore we have to know the concentrations of the 
solutions: how much solute in how much solvent. The con- 
centration of a solution is generally expressed in terms of 
weight of solute (either grams or gram formulae) in 
volumes of solvent (litres). The solute is carefully weighed 
and dissolved in a measured volume of solvent: die concen- 
tration is then expressed in grams (gram formulae) per litre. 
For example, if 5 grams of common salt are dissolved in 
]:hi oiT of water, the concentration is 50 grams (or 0’S5 
gram formulae) of common salt per litre. Using a solution of 
known concentration (for example, a base), the strength of 
another solution whose concentration is unknown (for 
example, an acid) can often be determined by measuring 
the volume of it needed to neutralize a measured volume 
of base. 

Another important use for solvents in the laboratory is in 
:r_ separation of one substance from a mixture of others, 
f hi? process is called solvent extraction. You may have used 
■ ■ ■ separate a mixture of salt and sand. Solvent extraction 

T-i. used to purify substances. 


- : " t :,i-3d far measuring 

w kf 1 so; unions - pipettes 
- : = J i(fed volume and 

t ,'rZri 7,: r turning out a 




Solvent e* traction - for ex- 
ample. to pLrify pheno; (car- 
bolic acid), t is shaken in a 
separating funnel with apual 
parts of etn°r end water, tther 
and water are only slightly 
soluble >n each other and farm 
separate Iny-nrs with the ether 
on top of the water. Ti c phenol 
(which is ve r v soluble in ether 
but hardly at all in water) dis- 
solves in the ether layer and 
such impurities as sodium 
chloride: and sulphite (which 
are soluble ir water but net ;n 
ether) dissolve in the water 
layer. I he water is run off from 
the separating funnel, and the 
pare phenol : s then recpver&d 
by distilling ott the ether. 
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solvents in 
industry 

Solvents are used in the industrial manufacture of chemicals 
for the same reason as they are used in the laboratory 1 - to 
provide a convenient medium in which substances can react. 
Eut in industry, of course, much larger quantities of solvent 
are involved. Solvent extraction is aho often used to separate 
chemical products and many of the products are dispensed 
in the form of solutions. This, is true for example, of paints, 
some firm chemicals, and many medicines. 

In tire long-established inorganic chemicals industry, water 
has always been by far the most important solvent; it is 
abundant and cheap, and it dissolves a wide range of in- 
organic substances. In the organic chemicals industry, which 
has grown up during the past fifty years and which manu- 
factures Such products as plastics and detergents, it is organic 
solvents which are mainly used. Producing them is one of the 
industry's biggest jobs. 

An important class of organic solvents is based on hydro- 
carbons, most of which are produced from the fractional dis- 
tillation of petroleum. Paraffin is fairly typical of this class of 
solvent. Among the uses of hydrocarbon solvents is tire ex- 
traction of oils from such seeds as groundnut, coconut, palm 
kernel, and cottonseed; the plant oils, in turn, are used in the 
manufacture of margarine, soap, paints, printing inks and a 
host of other products, and Lhe solvents are recovered for 
further use. Hydrocarbons tend to catch fire very easily. 
In applications of solvents where there is a risk of fire, as 
in dry-cleaning, chlorinated hydrocarbons (e.g. pcrchloro- 
eihyiene) are more generally used. 

Other organic solvents include alcohols, ketones, esters, 
and ethers. 1 hese can dissolve both organic and inorganic 
substances and are used in the manufacture of a variety of 
products - dyestuffs, perfumes, plastics, paints, and glues. 
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Solvents are usee in rlry 
clear ng to remove substances 
'.vhch adhere in clothing. 
National Federation of Overt 
and Oteafi&rs, 
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Antibiotics Lee one of many 
kinds of rnedione preoanad Ifi 
to 111 I r * ■ i foi 1 1 ijOCIi 0 ci &. Gfoxa 



Qjwtiwts 

1 Is water a suitable solvent for sodium ? If not, what sol- 
vent would you suggest ? 

2 . What is the effect of temperature on the solubility or 
sod nun sulphate in water? 

3. Why do lish in aquaria die more often in summer than in 
winter ? 

4. To a mix lure of edict and water, w hy does the ether form 
a layer oh top of the waff* % What does it mean that the water 
;te partially soluble in the ether and the ether is partially 
soluble in the water ? 

o. How would you find out whether the particles of snluie in 
a solution were ions or molecules ? 

6 . What is i hr concentration in motes per litre of a solution 
in which 7'9 grams of potassium permanganate KMnO, ' 
are dissolved m 1 00 cut 1 of water. 

7 . Why do you think heat is given out when hydrogen 
chloride dissolves in witter ? 

8 . The soluhility of potassium iodide in 100 gram- of water 
is: 127-5 grams at O' C, 140 grams .it 15 ( and iO^ grams at 
100 C, I he solubility of sodiuih nit nne in 100 gram' of 
water is; 74 grams ui 0 C, si gram; at H C and ITS grains 
at 100"C. Draw the solubility curves for these two substances. 
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